SUMMARY Giant fusiform aneurysm of the cerebral arteries was found in 11 patients during a 20-year period. The 7 males and 4 females ranged in age from 9 to 68 years (mean: 49 years). The supraclinoid segment of the internal carotid artery (ICA) and the M-1 segment of the middle cerebral artery (MCA) were the most frequently inrolred arteries. Multiple aneurysms were identified in 3 patients. Compression of adjacent intracranial structures was the usual cause of symptoms, and only 2 patients experienced subarachnoid hemorrhage. One patient presented with transient ischemic attacks. Computed tomography, with and without Hypaque infusion, clearly demonstrated the aneurysms in the 6 of 7 patients studied. Thrombus was invariably seen in the lumen of the aneurysm. Cerebral angiography in 11 patients displayed marked dilatation and elongation of the inrolred artery. The dilatation frequently extended into connecting arteries. Surgical treatment was carried out in 6 patients, including 2 with aneurysm entrapment and decompression, 2 with proximal ICA ligation, 1 with wrapping and 1 with wrapping and superficial temporal artery (STA) to MCA anastomosis. Death occurred in 2 patients not treated surgically. Stroke, Vol 12, No 2, 1981 GIANT FUSIFORM ANEURYSM of the basilar artery is a well-recognized clinical and pathological entity.
1
"* Information regarding giant fusiform aneurysm of the cerebral arteries, however, is limited and derived from a relatively small number of reports. The object of this investigation was to study the clinical presentation, diagnosis, and treatment of patients with this unusual arterial abnormality.
Analysis of Patients
Giant fusiform aneurysm of the cerebral arteries was defined as a marked concentric dilatation, 2.5 cm or more in length, involving the intracranial internal carotid artery (ICA) and/or the anterior (ACA), middle (MCA), or posterior (PCA) cerebral arteries. Eleven patients with this arterial abnormality were seen during a 20-year period from 1959 to 1979. The diagnosis was made by cerebral angiography in all patients. Multiple giant aneurysms were found in 3.
Clinical Presentation. The 7 male and 4 female patients ranged in age from 9 to 68 years (mean: 49 years). Presenting symptoms were relatively diverse and without any clear-cut pattern (table 1) . Only 2 patients (Nos. 1 and 8) had subarachnoid hemorrhage. The duration of symptoms ranged from one day to 15 years (mean: 2.5 years). Hypertension was a pre-existing condition in 5 patients (Nos. 5, 6, 9, 10 and 11). One patient (No. 4) had unilateral optic atrophy and bilateral peripapillary chorioretinitis. The chorioretinitis was thought to be the result of toxoplasmosis. Another patient (No. 11) had multiple aneurysms of the superficial temporal arteries and right radial artery which were palpated on general examination. Four years previously he had been found to have an autoimmune hemolytic anemia.
From the Section of Cerebrovascular Diseases and the Departments of Neurosurgery and Neuroradiology (Dr. Weinstein), Cleveland Clinic Foundation, Cleveland, OH.
Investigations
Skull x-rays. Skull x-rays were normal in 9 patients. Suprasellar calcification and erosion of the dorsum sella in the 9-year-old patient with an ICA aneurysm was initially thought to represent a craniopharyngioma. Another patient had erosion of the anterior clinoid process on the same side as the ICA aneurysm.
Computed Tomography. Seven plain CT scans and 7 with Hypaque infusion were performed during the initial investigation of 7 patients. The findings of these studies are listed in table 2 (figure). A follow up CT scan in a medically-treated patient (No. 4) 3 years after diagnosis was unchanged from the initial study.
Cerebral Angiography. The findings of the initial studies are listed in table 3. There were no patients with angiographic findings of fibromuscular dysplasia or coarctation of the aorta.
Follow up angiography in one patient (No. 3) a year following ICA ligation for a giant fusiform aneurysm of the ICA showed substantial reduction in size of the aneurysm.
Other Studies. Five patients had a lumbar puncture. The cerebrospinal fluid was bloody in two (Nos. 1 and 8) with subarachnoid hemorrhage. No abnormalities were found in the other 3.
A high titer of toxoplasma antibodies was demonstrated in one patient (No. 4) who had presented with chorioretinitis and optic nerve atrophy. Serologic testing for syphilis in 7 patients was negative. The erythrocyte sedimentation rate was markedly elevated in 1 patient (No. 11). 3.
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11. 2) who presented with severe headache and a left homonymous hemianopsia, had a craniotomy and wrapping of a giant fusiform aneurysm of the right PCA. Following surgery, there was dramatic relief of severe right-sided headache and face pain and the CT scan showed thrombosis of the aneurysm. Six months later he returned with slowly progressive left hemiparesis. Recanalization and enlargement of the aneurysm were identified on CT scanning. He had a second craniotomy with aneurysm excision. After one year, he was functional but had a mild residual left spastic hemiparesis and a left homonymous hemianopsia. A second patient, (No. 8), did well without further symptoms following craniotomy and wrapping of the aneurysm.
A right superficial temporal artery (STA) to MCA anastomosis and wrapping of a giant fusiform aneurysm of the right MCA were performed in patient No. 7 presenting with right cerebral transient ischemic attacks. The anastomosis was carried out because of stenosis of the right MCA trunk distal to the aneurysm. Following surgery, the patient developed a severe left hemiparesis. CT scan with Hypaque infusion revealed a deep right cerebral infarct and thrombosis of the aneurysm.
Five patients were not treated surgically. A 65-year- 4 cm fusiform aneurysm of R. PCA extending into major PCA branches; slow filling of major PCA branches 3.
4 cm fusiform aneuryem of supraclinoid L. ICA 4.
4 cm tortuous fusiform aneurysm of supraclinoid L. ICA extending into proximal ACA and MCA; diffuse dilatation of intrapetrous and intracavernous L. ICA; abnormal small vessel collection in R. basal ganglia 5.
6 cm fusiform aneurysm of infraclinoid and supraclinoid L. ICA 6.
5 cm fusiform aneurysm of supraclinoid L. ICA extending into proximal ACA and PCA; R. side not studied 7.
4 cm fusiform aneurysm of M-l segment of L. MCA; distal L. MCA stenosis 8.
3 cm fusiform aneurysm of anterior communicating artery extending into A-1 segment of both ACA's 9.
4 cm fusiform aneurysm of supraclinoid R, ICA 10.
3 cm fusiform aneurysm of supraclinoid R. ICA extending into proximal ACA and MCA; 5 cm tortuous fusiform aneurysm of BA 11.
3 cm fusiform aneurysm of intracavernous segment of both ICA's; Pathological Findings. The giant fusiform aneurysm was exposed at surgery in 4 patients. In each case, a thick-walled aneurysm was found to compress the adjacent neural and vascular structures. A 2.5 cm intracerebral hematoma was also found in one patient (No. 8), who had subarachnoid hemorrhage. Perforating branches were seen to arise from the aneurysm in 2 patients, including one (No. 8) with an anterior communicating artery aneurysm, and another (No. 7) with a MCA aneurysm. The aneurysm in 3 patients (Nos. 2, 5 and 7) contained old thrombus. Atheromas were seen in the aneurysm wall of two patients (Nos. 5 and 7). Microscopic examination of the aneurysm wall in one patient (No. 2) showed fibrous tissue but no evidence of elastica, smooth muscle, intima, or atherosclerotic change.
Discussion
Giant aneurysms constitute approximately 5 percent of all intracranial aneurysms.' 1 '• * Most of these are the saccular variety. In recent series of giant aneurysm reported by Sundt and associates,*' 10 Onuma and Suzuki, 11 and Hosobuchi, 12 only one case of giant fusiform aneurysm of the cerebral arteries was described. Drake 7 cited a few examples of giant fusiform aneurysm of the cerebral arteries in his review of giant intracranial aneurysm in 174 patients; however, no specific comments were made regarding this entity. Dolichoectasia (dolichos = long; ectasia = distended) and cerebral artery ectasia are terms sometimes used to describe fusiform cerebral aneurysm. 13 ' u This anomaly involves the basilar artery more frequently than the cerebral arteries and can be visualized by CT scanning.
1 ' *• *• 1B Arterial expansion in our patients was greater than in most reports of dolichoectasia; consequently, the term "giant fusiform aneurysm" was used to describe them.
The supraclinoid segment of the ICA and the M-l segment of the MCA are the most frequently involved arteries. 6 ' ie~19 Giant fusiform aneurysm of the ACA and PCA is seen less often. When present, giant fusiform aneurysms are frequently multiple."• 1S In 2 of our patients, 2 giant fusiform aneurysms were found. In another patient, 2 giant fusiform aneurysms and a saccular aneurysm were present.
Giant fusiform aneurysm in some patients may represent a unique form of arteriopathy. Pathological examination of the aneurysm wall in younger patients consistently has demonstrated extensive deficiencies in the muscularis and internal elastic lamina compared with a more focal defect seen in saccular aneurysm. Findings such as irregularity in the thickness of the media, abrupt gaps in the internal elastic lamina, occasional foci of muscularis, thickened fibrous tissue, hypertrophic and swollen connective tissue, and absence of intima, have been described."' "• 17> " Severe atherosclerosis, with or without associated hypertension, seen in those aneurysms occurring in the older age group may represent the primary mechanism of dilatation. However, atherosclerosis in some of them may represent a secondary change in an already abnormal arterial segment.
Giant fusiform aneurysm also has been reported in patients with Marfan's syndrome, 20 pseudoxanthoma elasticum, 21 syphilis, 14 and coarctation of the aorta.* Giant cell arteritis, probably on an autoimmune basis, appeared to be an etiologic factor in one of our patients. No instances have been reported in conjunction with toxoplasmosis. The relationship, if any, of this infection and giant fusiform aneurysm in our patient is unclear.
Compression of adjacent intracranial structures is the usual cause of symptoms and neurologic deficit in patients with a giant fusiform aneurysm of the cerebral arteries. 5 ' '• "• 1S Subarachnoid or intracerebral hemorrhage, cerebral ischemia, and impairment of CSF circulation also occur but are less common. In contrast, subarachnoid hemorrhage appears to be more common with giant saccular aneurysm. 7 ' '•
10~12
Headache is the most common complaint of patients with a giant fusiform aneurysm of the cerebral arteries. 1720 The pain is usually located on the same side of the head as the aneurysm and occasionally is so intense as to result in complete incapacitation. In our series, recurrent headache was present in 9 of 11 patients. The other 2 patients experienced sudden, severe headache from subarachnoid hemorrhage.
Headache is thought to be the result of pressure of the aneurysm on adjacent pain-sensitive structures. In one of our patients (No. 2), dramatic relief of severe, recurrent headache and right face pain occurred after cottonoid gauze was wrapped around a giant fusiform aneurysm of the right PCA, thereby separating it from the floor of the middle fossa. Headache also was improved in another patient after trapping and decompression of an ICA aneurysm. ICA ligation only relieved the headache in one patient with an ICA aneurysm but did not prevent the development of headache in another patient with an MCA aneurysm.
Optic nerve compression with visual loss and optic atrophy has been reported frequently in patients with giant fusiform aneurysm of the ICA.
17> " • t 2 U In some, an altitudinal field defect has been identified. 18 Optic nerve compression by a giant fusiform ICA aneurysm was thought to be the mechanism of optic nerve damage in one of our patients. In a few instances, this arterial lesion has been found to cause a Foster-Kennedy syndrome. 18 ' "• ** Other visual disturbances may occur in patients GIANT FUSIFORM ANEURYSM OF CEREBRAL ARTERIES/Li»/e, Si. Louis et al. 187 with giant fusiform aneurysm of the cerebral arteries. Hilton and Hoyt" described a patient with bitemporal hemianopsia suggestive of a tumor arising in the sella turcica. An atherosclerotic fusiform aneurysm of the ACA was subsequently identified. In our series, 2 patients were found to have homonymous hemianopsia, including one with a PCA aneurysm, and another with a tortuous ICA aneurysm. Two patients with an ICA aneurysm had horizontal diplopia which was the result of sixth nerve compression in the cavernous sinus by the infraclinoid component of the aneurysm.
Cerebral ischemia is occasionally seen in patients with a giant aneurysm, either saccular or fusiform.
M~Ie
Embolization from the thrombus contained within the aneurysm appears to be an important mechanism, although thrombosis with impaired flow through the malformation also may play a role. In our series, transient cerebral ischemic attacks seen in one patient appeared to be the result of severe MCA stenosis distal to an atherosclerotic MCA aneurysm. Embolization from the thrombus-containing aneurysm or transient occlusion of perforating arteries, however, could not be ruled out.
Blood vessels of the brain can be visualized with CT scanning if their walls contain calcium or if their lumens contain contrast material. The plain CT appearance of giant fusiform aneurysm may be difficult to differentiate from an intracranial neoplasm. In the investigation of a patient suspected of having a giant fusiform aneurysm, a CT scan should be performed as soon as possible after the injection of contrast material to obtain maximum visualization. The enhanced CT appearance of dolichoectasia or giant fusiform aneurysm is virtually pathognomonic.
1 ' 2| *• 16 A definitive statement on treatment of this anomaly cannot be made on the basis of the 11 patients presented. The decision regarding medical versus surgical treatment is related to the unique features in the individual patients. When recommended, surgical treatment should be directed toward exclusion of the giant fusiform aneurysm from the cerebral circulation. This can be achieved by trapping or by proximal artery ligation. Reduction of the mass effect by excision of the aneurysm wall and/or removal of thrombus should be performed whenever possible in order to help relieve symptoms. Trapping and decompression of the aneurysm was successfully accomplished in 2 of our patients, including one with an ICA aneurysm, and another with a PCA aneurysm. A patient with an ICA aneurysm did well after proximal ligation only.
The use of regional cerebral blood flow measurement techniques and cerebral revascularization may play an important role in preventing ischemic complications in selected patients undergoing entrapment of the aneurysm or proximal artery ligation. 7 Gelber and Sundt* have shown that the risk of infarction can be reduced in certain patients by performing an anastomosis between the STA and a branch of the MCA before proximal ligation for giant aneurysm of the ICA. Regional cerebral blood flow studies were used to select the patients requiring the pre-occlusion revascularization procedure. In their study, only one of 6 patients undergoing ICA ligation after anastomosis was unable to tolerate the occlusion.
Trapping of a giant fusiform aneurysm involving the M-l segment of MCA or the anterior communicating artery is potentially more dangerous because of the presence of important perforating branches. In our series, one patient suffered a large deep cerebral infarct following thrombosis of a giant fusiform aneurysm of the M-l segment. Thrombosis appeared to be the result of relative stasis in the aneurysm following a STA to MCA anastomosis.* 0 Ammerman and Smith 1 " described a case of giant fusiform aneurysm of the left M-l segment treated by intracranial ICA and distal M-l ligation (i.e., not complete entrapment) together with STA to MCA anastomosis. Following surgery, the patient was dysphasic and had right hemiparesis. These deficits improved during the subsequent 2 months.
Excision of a giant fusiform aneurysm involving a major MCA branch, however, appears to carry less risk of cerebral infarction. In 2 patients, Segal and McLaurin" described successful excision of a giant fusiform aneurysm involving a major MCA branch only.
